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SECRET

7 May 196:
MEMORANDUM FOR THE RECORD
SUBJECT : Reconnaissance Vehicle Concept Study
for Fiscal Year 1969
25X1 REFERENCE : (a)
(b)
(c)

1. Reference (a) submitted to the D/NRO, the specifics
of certain general research and development activities which
the D/R&D/OSA was proposing for investigation during FY 68.
Item 3 of the attachment to reference (a) was an Aircraft
Parametric Concept Study, and item 4 was an Advanced Aircraft
Concept Investigation. In reference (b) Dr., Flax cited the
ExCom decision, relative to the FY 69 budget program, to fund
studies of advanced aircraft and other highly invulnerable
quick-reaction reconnaissance systems, Therefore Dr. Flax
requested that elements of items 3 and 4 of reference (a) bhe
included in the plan for studies of advanced systems in FY 69.

2. In formulating the study plan requested by the D/NRO,
it will be necessary to include, among other things, specific
ground rules, available background data, options as appropri-
ate and the basis for contractor selection. The purpose oi
this memorandum is to present some initial thoughts regarding
data to be included in the study plan.

3. Specific Ground Rules - Reference (c) memorandum to
OSI requested the most realistic estimate of the 1975-1980
defensive environments of the Soviet Bloc and of other
appropriate areas., Hopefully, having these data available
in advance of the study effort would result in the formulation
of more realistic performance requirements. In this manner it
is intended to avoid a repeat of the | leffoxt 25X1
wherein, subsequent to completion of the study,vulnerabilizy)

USAF review(s) completed.
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estimated by OSI concluded the performance envelopes of the
various designs could not survive in the estimated defensive

environment.

Available Background Data - It is in ded to make
available all of the | | and Isinglass 25X 1

data as well as the characteristics of the esign. 25X
OXCART and IDEALIST performance and cross—-section data will 1
also be provided as required as well as any pertinent engine
technology. The intent will be to insure that this concept

study will not repeat anything previously determined.

Options as Appropriate - Various options will be investi-
gated including manned vs. unmanned, self-accelerator vs. air
launched and staged vs. U.S. based. These options should bhe
investigated from the standpoint of cost effectiveness, quick-
reaction, performance impact, etc. The contractors should be
encouraged to investigate not only faster and higher perfor-
mance than is now available, but also consider the possible
advantages of very low altitude, mixed profiles, ig, high-low-
high, muffled propulsion systems, or any other “way-out" iceas.
Unusual tactics, unusual configurations or both may very well
be required, and, in this regard, negative constraints, upless
strongly defensible, should be avoided in the basic ground
rules.

Contractor Selection - The study plan to the D/NRO will
require strong arguments for the contractor selections. OUn
the one hand there is definite merit in returning to [ ] 25X1
and [ ]since our previous association with
each of them was extremely fruitful and, as such, they are a
tknown quantity.™ On the other hand, a replowing of old
ground could result with either of these contractors and the
new and original thinking we are seeking mav be lost. Fur-ther-

more, the recent F-111 fiasco may not put| | in 25X1

a very favorable light. The other major contractors who must

be considered would be 1 l, | ] 1 |

] The potential capabilities and recent efforts of each 25X1

of these companies should be reviewed and perhaps personail 25X1

contact made with each. As a personal observation, the

undersigned would recommend that [ ]not be considered

as a possible candidate for this study. 25X1
25X1

ASD/R&D/OSA
SECRET
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FOREWORD

This report was prepared by the Flight Mechanics Divisioa, Air Force Flight Dynamics
Laboratory, Wright-Patterson Air Force Base, Ohio. The work was accomplished under Proj-
ect No. 1366, ‘‘Aerodynamics and Flight Mechanics.’’ Alfred C, Draper and Melvin L. Buck
were the project engineers. This report covers work conducted from November 1965 to
April 1967, The manuscript was released by the authors in May 1967,

This technical report has been reviewed and is approved.

c Y IO T .

ii‘/@m\* U e tw\f‘»i’n
PHILI® P. ANTONATOS
Chief, Flight Mechanics Division

Air Force Flight Dynamics Laboratory
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ABSTRACT

Many investigations related to hypersonic flight and reentry have been conducted and from
the results of these studies, design concepts have been evolved across the complete lift—-1o-
drag ratio spectrum for entry. This report considers the relationship between any new lifting
entry vehicle and the established low L/D or ballistic spacecraft technology. It is shown that
a substantial base of knowledge exists from the successful flights of the ASSET and SV -3D
along with the technology obtained from the X-20 program. To place lifting vehicles in their
proper perspective, a review of some of the advantages traditionally associated w:th the gen-
eration of lift is given, and a realistic view is taken of some of the maneuvering constraints
which can be required. Particular emphasis isplacedon the performance flexibility which can
be achieved. Specific technology features common to complementary advanced systems ire
identified and assessed relative to launch vehicle constraints, The evolution of highly efficient
lifting bodies is traced. Potential configurations for reentry are delineated, and these con=-
figurations are assessed in relation to their heating, volume, and weight. The incorporation
of man and on~board propulsion is shown to be completely compatible and advantageous with
the candidate high L/D configurations. In conclusion the lack of well-defined missicn require-
ments indicates the advisability of preserving the options available,

This abstract is subject to special export controls and each transmittal fo foreign govern~-

ments or foreign nationals may be made only with prior approval of the Air Force Flight Dy~
namics Laboratory, FDM, Wright-Patterson Air Force Base, Ohio,
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SYMBOLS

C* Chapman-Rubsien constant

L/D lift-to-drag ratio

Mg, freestream Mach number

RN Reynolds number |

T temperature ~ °F

w/s wing loading

AV velocity increment - Fps

w weight - Lbs

ISp Specific impulse

CLm ax maximum lift coefficient

w/C = equilibrium glide parameter

3
volume - Ft

Vi ratio of velocity to orbital velocity
S vehicle reference area - Ft2 .
'Sfootprint area of reentry footprint - (NM)2
Searth area of earth’s surface - (NM)2
Swet vehicle wetted area - Ft2

V2/3

3 volumetric efficiency’

wet .

7 GL delivery index

Yy reentry angle
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SECTION . I
INTRODUCTION

An often referenced article (Reference 1) discussing the prospects for a manne«d lifting entry
research vehicle expressed hopc that a future development program in this srea would not
suffer the fate of being reviewed into nonexistence. Although it is understandabie that review
at times may be feared particularly if it results in the demise of a favorite concept; neverthe-
less, the advantages associated with a penetrating and judicial review are believed to outweigh
any undesirable features. This is true when viewed relative to the high costs which mast be
accrued both from vehicle and booster acquisition as well as ground support and datu ac-
quisition, The resource requirements demanded by vehicles, which necessitate sophisit.cated
thermal protection systems and relatively large launch systems, makes consideration of
alternate or competitive concepts not only desirable but mandatory. The necessity of se:lzcting
the most attractive option from many alternatives is, perhaps, more important today than in
previous years, for our appreciation of realistic systems effectiveness criteria has admittedly
matured. :

Another factor that must be considered carefully is the relationship of any new lifting entry
vehicle with established spacecraft technology. This point cannot be emphasizec too strongly,
for in a realistic appraisaloffacts, thelifting entry enthusiast must acknowledge the existence
of a proven competitive technology of ballistic and modified ballistic spacecraft. Th2 out-
standing success enjoyed by both the Mercury and Gemini spacecraft has established « record

~which presents a formidable challenge to any future concept. A logical extension of estab.ished
technology is evidenced in the Apollo program, and we are confident that a high measure of
success will result in its pursuance, More importantly, however, it is anticipated that the
spacecraft will have the inherent capability of performing a variety of missions quite diverse
from its lunar high energy reentry objectives. For example, it has been shown repeaedly -
that for the pure logistics mission, the minimum cost and spacecraft weight is achicved with
the low L/D systems. In a similar manner, the satellite inspection missions requir.ng no
urgency favor the low L/D systems from both the cost and AV considerations. Perhaps the
only serious stated deficiency on the partof the low L/D spacecraft in performing the logistic’s
- mission is its inability to perform a land-landing. This deficiency, of course, can be rectified
by a number of devices currently being investigated which were formerly called auxiilary
landing aides and now ‘‘decoupled modes.?’ It alsoshould be recognized that vehicle relicbility
now associated with vertical landings is quite high, and water landings must still be considered
in view of abort contingencies, In view of these recognized advantages of size, weight, volume,
cost, reliability, and simplicity associated with the low L/D spacecraft; it becomes c:early
incumbent upon the proponent of any new spacecraft concept to demonstrate measureabie and
significant performance improvements. Unless meaningful and undebatable augmentations in
performance can be achieved, the likelihood of any major resource allocations for acvanced
entry vehicles should be rightfully pessimistic.

In any assessment of advanced entry concepts, it is necessary to emphasize that a ve.cuum
does not exist relative to the investigation of lifting vehicles. We must only recall the: highly
successful flights of the ASSET vehicles with a hypersonic L/D of approximately 1.4 and with
the radiative thermal protection concept. This medium L/D technology was further erhanced
with the flights of the SV-5 PRIME vehicle with an L/D ® 1.2 and with an ablative material
for thermal protection. These latter flights when coupled with the midspeed tests of the
manned SV-6P, M2F2, and HL-10 lifting bodies should certainly demonstrate cur confidence
in this class of vehicles,

Let us turn our attention to the question associated with the renewed interest in tae L/D
2.0 vehicle. This initself represents, for the most part, a compromise approach. (he argument
Approved For Release 2006/03/15 : CIA-RDP71B00822R000100070040-7
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is made that the medium L/D vehicle is, when based on realistic mission considecations,
delinquent in performance but that the L/D 3.0 concepts, although admittedly operationally
versatile, probably taxes excessively the state of the art. A further point is made that very
little attention has been focused on the L/D 2.0 class of configurations. This ;s realiy not the
case. In a realistic analysis, it is only necessary to recall the large effort of a few years ago
associated with the X-20 program, an L/D 2.0 vehicle. Rather it is more correct to swate that
with the funding levels reached in this program, the problems associated with the L/D 2,0
class of vehicle have had more effort expended on it than any other concept. The situation can
be summarized by stating that if an L/D 2.0 configuration can, indeed, satisfy the operational
requirements, then the technology for such a vehicle already exists. And, perhaps of equal
importance, a configuration which has, from approximately 20,000 wind tunnel hours, been
thoroughly verified as being trimmed, stable, and controllable throughout the ¢ntire Mach
number spectrum. To debate whether the L/D should be 1.7 or 2.0 makes very litila sense,
There is very little difference in the configurations and both represent nearly tae same
technology demands. It seems logical to simply accept the latter to accommodaie 1aknown
performance contingencies.

The essence of the matter is that if a clearly defined requirement exists which car. specify
the maneuverability demands and hence L/D requirements, then the mission orientec. vehicle
should be selected and fabricated. If, however, these “requirements’’ are really not defined,
then it would be wiser to accept the performance potential available along with the capability
for. technology acquistion with the largest possible applicability to advanced systemns’ con-
cepts.

Approved For Release 2006/03/15 : CIA-RPP71800822R000100070040-7
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SECTION II
PERFORMANCE AND TECHNOLOGY

ADVANTAGES OF LIFT

Maneuverability with reentry vehicles normally suggests the use of lift in that the iongi~
tudinal range may be modulated and different degrees of lateral range may be achiaved de-
pending on the L/D. The use of propulsion, however, represents an option for achieving maneu~-
verability which must be compared to aerodynamic lift; both of which impose some weight
penalty, Figure 1 gives an indication of the weight associated with lift gener:.tion corverted
into a hypothetical fuel and ISp for attaining complementary lateral ranges (Keference 2), It

is obvious that vehicles with high aerodynamic efficiency are superior to advanced propulsion
systems. This is further amplified in Figure 2 which shows the aerodynamic and propulsive
trade-offs for equivalent L/D. Here we have normalized to a L/D 1.5 and have indicated the
weight growth necessary for increased lateral range as a function of ISp and aerodynamic
design.

MANEUVERING CONSTRAINTS

Another area which warrants more careful consideration is that of realistic maneuvering
design goals, for it seems that the general tendency can best be characterized as a “‘design
down’’ philosophy. The argument being simply that for certain idealized missions we raay or
may not need significant maneuverability; we may or may not desire improved return times;
we may or may not be content with bases located both within and without the ::one oi ibe in-
terior; and we may or may not desire a capability for contingencies and mission versatility,
This appears to be a questionable design logic. It would appear prudent to achieve a capability
if indeed there existed certain applications and contingency requirements whi:h couid real-
istically take advantage of such potential. This decision, of course, must carefully consider
not only the technological state of the art, but also assess and minimize any p=naltizs which
might be associated with increased performance Potential relative to the maneuverability
desired. For example, Reference 1 on the same subject after briefly discuss.ng return re-
quirements as a function of orbit inclination rapidly converged the discussion with the con-
clusions’ that the orbit of most immediate interest is 30 degrees, that we hac a world wide
availability of landing sites and hence an L/D 1.0 class of vehicle is adequate. This, we would
suggest, may not represent at all a realistic appraisal of the situation. Rather the fects of
the matter from the viewpoint of military application may be a requirement of returning
quite rapidly from random orbits. In Figure 3 we find that for L/D’s of less than 3.6, bases
outside the zone of the interior of the U. S. are required to recover the vehicle. The awumber
of bases increase rapidly for L./D’s less than 2; and for an L/D of 1.0, it would be impossible
to provide sufficient bases. Let us make it clear that never have we advocated the so <alled
‘‘lone base’’ concept which incidently demands an L/D of approximately 4.0 but have coafined
our activities .to an L/D of 3.0 to assure U. S. recovery at secure bases. Further we would
suggest that the orbits “‘of most immediate interest’’ may be those more highly inclined as
achieved -from the Western Test Range. Figure 4 shows the maximum lateral range rocquire-
ments for return to Edwards after single and multiorbits at various launch agzimuthe within
existing range constraints. The lateral range requirements for the single and dual passes are
1250 and 2350 NM respectively without accounting for guidance and control errors, density
variations, etc., which, of course, would further escalate the lateral requirements. We have
superimposed on the figure the capability of the I./D 1.0 class of vehicle and can readily state
that return would be impossible for most launch azimuths.

Approved For Release 2006/03/15 : CIA-RDP71B00822R000100070040-7
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Figure 3. Site Requirements vs Hypersonic L/D

PERFORMANCE FLEXIBILITY

It is truly valid to ask, how many entry spacecraft programs of limited scope can we or
should we pursue? It seems undesirable to limit the capabilities of a new system unless this
is unavoidable. Flexibility we feel is perhaps the most vital factor in any new spacecraft con~
figuration, Flexibility should be required not only in the available entry corridor znd lateral
excursions but also in the operational mode and modulation potential. Our past experience
should teach us that the cost of initial hardware acquisition is so high that it is only sensible
to configure a system having more than limited objectives and which car. satisty both near
and far term operational objectives,

This flexibility can be assured through the use of both lift and drag modulation. Operating the
vehicle at high angle of attack, it can be seen from Figure 5 that the L/D nax achievable at

maximum lift coefficient is approximately the same for the medium and high L/D vehicles.
The figure shows that the usable range is from 0.6 to 1.0 for the medium L/D wvehicle and
from 0.6 to 3,0 for the higher L/D configurations. This is further amplified when we consider

Approved For Release 2006/03/15 : CIA-RDP71B00822R000100070040-7
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the actual value of the maximum lift coefficient. Figure 5 also indicates that the maximum
available lift coefficient is relatively insensitive to design L/D in excess of U.5. Figure 6
indicates the effect of both lift and drag modulation on the flight duration as well as past and
present flight programs in the area, while Figure 7 shows the effect of design L/D on the
maximum and minimum entry times for y = 0°,

Another feature associated with flexibility is the maneuverability potential imherent i1 any
vehicle design. Again, this is directly related to the L/D and the selected desigp powunt in
terms of altitude and velocity. The desirability for lateral range may reflect itself in such
ways  as reduction in orbital delay, minimum landing sites, area coverage, improved avort
capability, etc. We have previously indicated the advantages relative to landing site require-
ment in Figure 3 which was based on a nonrestrictive location and orientation at the decision
point., ‘

Another rather useful way of comparing the maneuvering capability of various vehicles is
through the payload delivery index 7 ; (Reference 4) as shown in Figure 8. This pararaester
couples the packaging and performance potential (fraction of the earth’s surface availanie for
exploitation from a given set of initial conditions) and is expressed simply as:

2/3 S
\Y% footprint
Swef Seorfh

TeL

BOOSTER ASSESSMENT

Considerable discussion has centered around the weight of different classes of entry
vehicles. We certainly recognize the necessity of minimizing any penalties associaw with
payload considerations. Any discussion, however, must include improved operationui char-
acleristics and not limit itself simply to the minimum weight system. Operational potantial
may, in fact, be the mostimportant considerationfor as previously noted the ball:stic vehicles
maximize cffectively the payload fraction. Another factor most important in deiermining the
question of system weight is the current and projected launch vehicle capability. Iigure 9
gives a general indication of launch vehicle capability with entry vehicle weight. In the case
of Mercury/Atlas and Gemini/Titan, the entry vehicle weight had to be minimiz>d for in both
instances the complete spacecraft system very closely approached the limiting capabiiity of
the launch systems. Such is no longer the case, however, with launch systems in the Titan III
and Saturn classes. In fact, the reverse may very well be the case in that embarrassingly:
small payloads are often considered for these launch systems which in no way taxes their
capability. It can be seen from this figure that considerable margins exist above the entry
vehicle weights which are available for adapter modules, payloads and maneuver propulsion.
This coupled with the realization that the launch vehicle’s capability compared to the entry
vehicle’s capability is relatively easy to up-rate makes the entire question of entry vehicle
weight less critical than that which we faced in our early activities., With the margins now
available in terms of weight for our launch systems it would appear quite prudent tc nvest
in increased performance versatility.

COMMONALITY OF TECHNOLOGY

As we have previously suggested, any new spacecraft concept must have « sigmiicantly
improved operational capability along with multiconcept applicability of the technology. The
technology demanded by the high L/D vehicle during orbital lifting reentry has much in common
with that which is required both for hypersonic sustained cruise and recoverable boosier con~
cepts. In spite of the superficial differences in applications and concepts, a commoaa. ity of
problem areas and similarity of configuration elements and flight attitudes is readily apparent.

Approved For Release 2006/03/15 : CIA-RDP71B00822R000100070040-7
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Figure 6. Effect of Lift and Drag Modulation on Reentry Time

These concepts of the high L/D spacecraft, hypersonic cruise vehicles, and recow:rable
boosters suggest the need for high aerodynamic efficiency. Since reduced nose and leading
edge radii” are common features, the complete viscous problem of skin friction levels,
viscous interaction, and boundary layer transition are of significant importance. In al} ocages,
turbulent heating is of consequence and is size dependent,

is high, thereby bringing into focus many problems associated with control surface effec-

It is important, however, to tie the concept of flexibility and applicability together with the
realization that the high L/D vehicle need not perform in its highly efficient mode at all times.
Many problems more closely associated with the lower performance systems such as the
behavior of various ablators can be quite properly addressed with the high L/D vehicle,
Suffice it to say, that the high L/D can perform as a lower L/D vehicle where the latter
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cannot function as a high performance system without the use of on-board propulsion which
we will discuss later,

The acquisition of technology as a goal through flight testing is not new or ncvel as char-

racterized by the “X» series of experimental aircraft, In fact, flight testing has been an
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SECTION II
CONFIGURATION DEVELOPMENT

In 1963 the investigation of the high L/D vehicular concept was initiated in earrcst. At that
time there existed a number of questions to be answered, many of whi:h have row been
answered in a rapidly expanding technology. The following comments will disciss these
considerations:

The feasibility of high hypersonic L/D: The Air Force Flight Dynamics Laboratory defined
high hypersonic L/D as an L/D = 3.0 at analtitude of 200,000 feet and a velocity of 20,000 £t/
sec. This design point was selected to encompass the high velocity regime at an altitade where
viscous forces are significant. The first attempts were to demonstrate in »round tacilities
that an L/D = 3.0 could be obtained. Figure 10 shows the results of initizl tests 1t AEDC
(References 5 and 6). For the sharp nose, it was apparent that an L/D = 3.0 was indeed pos-
sible but for the blunt nose an L/D = 3.0 could not be achieved, After this initia! attempt a
program using more realism was conducted. The results from this effort are shown in
Figure 11. The configurations were moderately simple geometric shapes. but thev incor-
porated volume, bluntness and aerodynamic control surfaces. Using a forra of the viscous
interaction parameter for extrapolating the data it was apparent that several of the configu~
rations would achieve an L/D = 8.0 at the design condition. So at least in ground fac:lities,
the feasibility had been established,

The next question which grew out of this earlier work was whether high L/D could be
achieved with configurations which possessed adequate usable volume. This has hesn a dif-
ficult question to answer since it depends so much on what use will be made: of the volume
(packing density). Our approach has been to examine the geometric variables and :heir in-
fluence on L/D and attempt to shape the vehicle to perform trades between L/i), volume, and
vehicle length. This has been both an analytical and experimental program; the results shown
in Figure 12 give an example of the volume growth in this concept, From this figure: ve can
see that the load carrying capability of the vehicle is increasing as we becom:: more itnowl-
edgeable about the trade-offs. The vehicles are shown for a length of 33 fvet. From this
analysis we conclude that in most instances adequate volume can be obtained with moderate
vehicle lengths still maintaining our goal of an L./D of 3.0,

The npext question plagues every system and is simply: whether the vehicle cap be made
competitive from a weight standpoint? This question is settled only after the venicle is
fabricated. Yet attempts must be made for reasonable estimates of the weight for comnarative
purposes, There exists a number of spacecraft for which comparisons can be made. [n the
area of the lifting reentry vehicle background information is available in the hard cesign
points of the ASSET, X-20 and PRIME, But in the case of the ASSET and X-20, we must
recognize the technological advances which have been made in the past few years as wail as
the conservatism employed in these designs. To provide some insight, the weight cuestion
has been examined in a number of comprehensive design studies and the results are shown in
Figure 13. There exists a trade-off between vehicle weight and L/D, but the decision ir:ust be
made on the basis of what gains canbe obtained for relatively small penalties. In this instance,
as shown in Figure 13 the weight penalties are comparatively minor when viewed in terms of
the increased performance potential and versatility.

The final question concerns the thermal environment and its constraints on the vehicie The
constraints aré imposed by material limitations and increased heating when maneuvering: the
vehicle. Figure 14 shows the relationship between angle of attack and bank angle for various
wing loads based on a temperature constraint near the leading edge on the lower surface

_(Reference 7). From the figure it is apparent that the ability of the vehicle to transverse
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Figure 10, Variation of L/Dmax with Rarefaction Parameter

significant bank angles and angles of attack is not seriously impaired. The usual probiems of
high heating exist but are not beyond the technology. For example, comparable nos2 caps,
successfully used on the ASSET can likely be employed; the leading edge radii would again be
similar to the ASSET both in size and temperature level.

The high L/D vehicle configurations have progressed to the point where a stable vchicle
with a high volume and high L/D can be designed which is controllable and can sustain the
heating environment, :
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POTENTIAL CONFIGURATIONS

Based upon the investigations made to date, Figure 15 gives a pictorial representation of
configurations which have led to the candidate vehicles being comprehensively exemined at
this time., Additional criteria have been imposed on the designs to incorporate satisfactory
characteristics for low speed flight employing both fixed and variable geome:ry.

INCORPORATION OF MAN AND PROPULSION

We have indicated that the high L/D vehicle is not at all incompatible with volums require-
ments and it should be emphagized that volume rather than volumetric efficiency.‘!‘)'/ 3/S ,
W

is of importance in final vehicle design, since it is volume which must be provided for any
payload requirements, Volumetric efficiency, at best, is only an indicator whern parametric
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the leading edge and W/S can be increased by extending the refractory metais aft where the
temperatures are compatible with the prime material planned for use.

The wing loadings which are normally cited should be considered as ‘‘amnchor’’ or “base
points?”’ which allow full maneuvering and performance excursions during return without
exceeding the temperature capabilities of refractories. These values, however, should not be
considered as absolute limits for mission or vehicle usage in view of the foliowing reasons,

For designs which employ integral propulsion, there exist no reason to resirict ihe W/S to
the “anchor’ values for, indeed, values as high as 100 have been investigated and proven
feasible if the vehicle is operated in the aerocruise mode. The aerocruise moae simply
couples the maneuver at constrained temperatures to the maximum allowahle for thz mate~-
rials by either maintaining velocity, altitude or both, This concept can be oversimpliiied by
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consideration of several factors. Rocket propulsive devices, by their very nature, pretfer the
operating environment of space or at least at low atmospheric densities, The use of aero-
dynamic maheuvering, -on the other hand, suggests lower altitudes to take advantage of the
_lifting capability, These two methods can be combined to enable a highly efficient vahicle
which can operate within allowable temperature constraints, If the maneuvering is accom-
plished with a vehicle with integrated propulsion,the ‘anchor’ wing loadings are then the
applicable values for the empty vehicle, If some fuel still remains resulting in wing lcading
in excess of the “anchor” values, then two alternatives are available. The fuel may be
jettisoned as in the case of current aircraft, or maneuvering during final entry may bhe pro-
grammed or constrained within the limits of the resulting wing loadings which may not offer
any serious degradation in maneuvering capability, Again, however, if the valves are inain-
tained at those given as ‘‘anchor’’ points for both the powered and unpowered cases, full reentry
maneuvering would be available and could be combined with that achieved during the aero=
cruise mode.of operation,
Approved For Release 2006/03/15 ::CIA-RDP71B00822R000100070040-7
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If hybrid thermal protection is employed such as a combination of refractories and low
density ablators, then it follows quite logically that the ‘“anchor’ wing loadings car be in-
creased significantly. Recent investigations have shown that W/S = 65 can be sustained with
unpowered high L/D vehicles (Reference 8). The implications associated with resuliing in-
creased return payload weights are quite obvious,

SECTION IV
CONCLUDING REMARKS

The low L/D technology as exemplified by the Mercury, Gemini, and Apollo proyrams
necessitates that any advantages associated with any new lifting entry concept must be clearly
defined and significantly measurable. The environment also appears to be one in which there
exists no clearly defined advanced missions, explicit applications, or Precisely delineated
requirements. With these thoughts in mind, it would appear that perhaps the most probable
avenue to a new vehicle capability would be through the technology mechanism. The necassity
for technology verificationof alternate candidate concepts may indeed be the sensible approach,
for this preserves the options and presents realistic alternatives to the decision makers when
plausible applications become more clearly in focus.

The question as to whether new vehicle concepts should be manned or unmanred is not
easily answered and must be viewed carefully considering such constraints as the tipe of
information desired and potential cost escalations. At this point in time, it appears that
hypersonic exploitation and demonstration would be initially accomplished on an unmainned
basis in that significant technology acquisition can be affected without experiencing the cost
increases associated with man-rated systeins.

In summary, we would agree that much has indeed been written on entry vehicles, wa can
anticipate much more and can expect to profit from additional commentaries. We would
further submit that in view of the currently successful low L/D technology and the iack of
precisely defined advanced applications that an appropriate parameter for comparison is
L/D and the motivation most likely ought to be technology with increased periormanc:a po-
tential.
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FLIGHT PATH COMPARISON

17,500 FT1./SEC. <
K 700 ' «"'—-‘\\ ,
| 5,000 MILES '.z N\ DETECTION  FLIGHT PATH ALTITUDE
600 TITAN I ," : ‘ N.M. (HORIZON) ~ ANGLE - DEG.  RATE - F.P.S.
' -
," ~ MRBM 1,300 > 20 8,300
’ .
500 ’,\‘ ’:' ICBM
ALTITUDE / ‘)i" _
N.M. 400 "' l"\ :
7 F % 1,500 MILES -
{ /% MRBM __~-“ 23,000 FT./SEC.
~300] ;} '1' '|‘ . ,//
P 779,000 MILES
200l 7 / s TITAN I
i 7 yd
17 yd -
[ Ve
woli; -
',l 7 21,300 FT./SEC.
o v < \M—192
0 1 2 3 4 S 6
RANGE - 1,000 NN,
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BASIC AR SYSTER

HEN HOUSE/DOG HOUSE . ‘ LAUNCHER

FREQUENCY =150 MC/S - T FULLY TRAINABLE IN
59 LINE OF SIGHT | - AZIMUTH AND ELEVATION

SCAN RATE = 6° - 10°/SEC
AZIMUTH LIMITS = 60° - 90°
1M2 DETECTION 2 3,000 N.M.

MISSILE (GALOSH)
, BOOST STAGE

WEIGHT - 50 465 LB
THRUST - 1,000,000 LB.

TRIAD (HEN EGG) U -~ BURNTIME-7.4.SEC
FREQUENCY = 2,000 MC/$ o | GUIDANCE - ST.LINE -
59 LINE OF SIGHT. ' . SUSTAINER
SCANRATE=10°/SEC | .| THRUST - 146,000 L5
AZIMUTH LIMITS = 360° BURN TIME - 24.4 SEC.
1M2 DETECTION RANGE 2 800 N.M. GUIDANCE - PROP. NAV.
TRIAD (MISSILE TRACKING RADAR) Ggﬁj COAST
RADAR ERROR= 10 FI. (MAC ANALYSIS GUIDANCE - PROP. NAV.
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MISSILE PERFORMANCE

ANTI SATELLITE

ANTI MODEL 192

3ON.M. LETHAL RADIUS

<

200KT

POSTULATED DESIGN

200 BOOST - GLIDE
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3 500 |
RANGE iN.M.
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GCALOSH EFFECTS RABII

| e . RADIUS - M.IL
MODEL 192 VULNERABILITY WEAPON oY O5B|'|’ﬁ -
o FCTEM TED __‘_ - A [3q ¥ \
SUBSY STEM CR“Ef‘lA E[TEQS (200 KT) (2 M)
STRUCTURE
Ti SHINGLE 2.1 caL/cm? VAPORIZES EXPOSED SKIN 5.7 42 _
Ti SHINGLE 26 CAL/CM_’ MELTS OUTER SURFACE 2.2 12
ELECTRONICS 10" NEUTRONS/CM? IONIZES SEMICONDUCTORS 1.0 3.0
| ' 10" RADS/sEC HARDENED CIRCUITS BURN OUT 1.3 41
10° RaDS/stC UNHARDENED CIRCUITS BURN OUT 30 150
CREW 200 RADS NO DEATHS OCCUR 28 90
2,000 rape SUCCEEErUL PASSION 10 20
10,000 raos IAMEDIATE INCAPACITAT. 5 15

L 9n IR\ s o
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GALOSE KILL RADI]
(CO-ALTITUDE BURSTS)

-

1,000 |
100
ALTITUDE
N.M.
10 : .
O STRUCTURE
A CREW |
0 ELECTRONICS
]
L 10 | 100 1,000

HORIZONTAL KILL RADIUS - N.M.
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" REACTION TIME

- -Apbrbﬁ'eﬂ For Release '2006703/1QE|A-RDP71 B00822R000100070040-7

SYSYTEM I

FUNCTION
| | B R (SECONDS)
DETECT AND INITIATE TRACK 40
ALTITUDE —
VALIDATION : 25
TRACKER ACQUISTION 10
LAUNCH DECISION 15
FINE TRACKING 10
SLEW LAUNCHER 5

105

MISSILE FLIGHT 120

TotaL 225

20 -§ 3% ' Apf)roved'Fér-Releasé 2006/03I;I5:CIA-R.DP71300822R000100070049-7




L et or s s o sszzmdn oo ¢
SYSTEM DELAY TIME
e e | DOG HOUSE
FUNCTION '
S . NO |NO| .| EW& |
B | EW TRACKING
RECCE VEHICLE ACQUISIT!ON 39 | 17| 32| 24
TRACK VALIDATION | 10 | 16| 5
TRACK ASSESSMENT . L ___ 15 | 18 15 0
ACQUISITION WITH HEN EGG 10 | 10 10| 10
DECISION TO LAUNCH GALOSH Sl s | 0] - o
ELIMINATE PR[DICIION POINT ERRORS 10 | 10 10| 20
SLEW GALOSH LAUNCHER | 6o 6| 6
TOTAL DELAY TIME (SEC) | 105 [183/93] 65
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5o [INE OF SIGHT

MODEL 192 ~ ORBITAL

400
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300

~—DELAY TIME
. i 1

200
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DELAY TIME | B

o i |

o 5 10 15 20 25 80 100 120 140

47 92¢

MACH NUMBER ORBITAL ALTITUDE - N.M.
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- OFFSET SENSITIVITY

400
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GALOSH [MISS DISTANECE
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ANTENNAS
140 FT.x300 FT.

*+ 30° BEAM STEERING

RADAR ' : -
10-30 MC S :
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 TALLINN MISSILES

pes

CHARACTERISTICS AREA TYPE POINT TYPE
DESIGNATION GALOSH TERMINAL
STAGES | 'ﬂvo' ) | TWO

GROSS WEIGHT 170,00015. 30,000—4Q,OOOLB.
PAYLOAD 25001 100015.
BURNOUT VEL. 12,600€FpPs 10,500 FPS"
MAX. RANGE 890N.M. 470N,
MAX. ALTITUDE 500 N.M. 260N.M.

'
A6 LS
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REACTION TIME

SYSTEM I

FUNCTION SYSTEM IT

| | (seconDs) | (seconps)
DETECT AND INITIATE TRACK 40 72
ALTITUDE — 10
VALIDATION 25 25
TRACKER ACQUISTION 10 8
LAUNCH DECISION 15 15
FINE TRACKING 10 15
SLEW LAUNCHER 5 5

| 105 150

MISSILE FLIGHT 120 120

TOTAL 225

270 i‘OR 4.5 MmN
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SITE REACTION TIME

\ .
>? \\\ ) : f;\"//
) )’
e

! - ) _,45" \ \\ 4\
MISSILE FLIGHT  CENTRAL LAUNCH Cf 3
CONTROL T \ ,/ . I
. . . Vs
S ' _ ' | LOCAL LAUNCH CONTROL —,

SLEW LAUNCHER

AUTOMATIC [ SEMI-AUTOMATIC

PRECISION TRACKING

TRACKER SEARCH /
o SUPER FAN SONG

ASSESSMENT

VALIDATION

ACQUISITION

0 2 4 6 8 10 12 14 16
MAXIMUM SITE TIME - MINUTES

-
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USSR REACTION TIME
'DETECTION THROUGH WARHEAD BURST

-

CENTRAL I.'AUNCH CONTROL ' O LOCAL LAUNCH CONTROL
TALL KING J
ACQ/TRACKER ,‘X / A
y\v MISSILE SITE '
AIR DEFENSE SYSTEM TYPE AIR DEFENSE SYSTEM TYPE
Mf,&%’;ES | SEMI- | SEMI-
, MANUAL |AUTOMATICIAUTOMATIC MANUAL JAUTOMATIC LAUTOMATIC
PRE-SITE 9-16 6 -10 4-6
SITE 28-6 2.8-6 2.8-6
TOTAL (N8 -22 {6.6-16 | 6.6-12 | 95-16 | 65-10 | 45-7
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CONCLUSION
- SURVIVAL a o . | ? .
. O BETTER THAN ORBITAL

PENETRATES

" O HEN HOUSE /GALOSH
O NETTED |
- © MOBILE RADAR
© TALLINN MISSILE

© LONG LIFE POTENTIAL
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